M inimizing the risk of musculoskeletal disorders is receiving increasing attention in the current workplace. The existing literature focuses primarily on controlling the risks of lifting, carrying, and moving. However, in contemporary workplaces, pushing and pulling in manual material handling tasks, rather than lifting and lowering, is becoming more common. To prevent and detect musculoskeletal injuries early, the occupational health nurse must have a basic understanding of pushing and pulling forces and how they are measured. Such background equips the occupational health nurse to ensure that pushing and pulling tasks are actually safer than alternative movements. There has been limited study concerning the relationship between pushing and pulling and musculoskeletal risks. This review of the literature presents concepts relevant to the practicing occupational health nurse.
A pushing and pulling activity can be defined as an exertion of a hand force directed in a horizontal direction by an individual on another object (Baril-Gingras & Lortie, 1995; Hoozemans, van der Beek, Frings-Dresen, van Dijk, & van der Woude, 1998) . Pushing force occurs when a force is directed away from the body; pulling force occurs when a force is directed toward the body (Hoozemans et a\., 1998) . Pushing and pulling forces are characterized by an initial force to start the movement of an object, a lower force to sustain movement, and a stopping force (Al-Eisawi et aI., 1999; Snook & Ciriello, 1991; van der Beek, Hoozemans, Frings-Dresen, & Burdoft, 1999; Woldstad & Chaffin, 1994) .
Estimates in the literature indicate that nearly half of all manual material handling involves pushing and pulling (Baril-Gingras & Lortie, 1995; Hoozemans et a\., 1998) .
ABOUT THE AUTHOR
Pushing and pulling tasks are commonly seen in industries and services such as shipping and receiving, moving, warehousing, agriculture, farming, retailing, nursing, fire fighting, construction work, and gardening (Hoozemans et aI., 1998; Marras & Karwowski, 1999) . van der Beek, Frings-Dresen, van Dijk, Kemper, and Meijman (1993) found that most of the physical effort exerted by delivery drivers in their daily work involved the pushing and pulling of heavily loaded handcarts. Baril-Gingras and Lortie (1995) surveyed warehouse workers in distribution centers and found that they were pushing and pulling boxes from shelves and conveyors more often than lifting or lowering them.
Push and pull activities in the workplace appear to be related to the development of musculoskeletal injuries in workers. Increased shoulder pain has been reported by employees pushing and pulling wheeled equipment (Hoozemans et a\., 2004; van der Beek et a\., 1993) . According to a 1989 National Institute of Occupational Safety and Health [NIOSH] report, push and pull activities account for a significant number of overexertion injuries (NIOSH, 1989) . Das, Wimpee, and Das (2002) found hospital employees reporting postural discomfort in the back, low back, ankle, and foot when. pushing hospital carts. Pushing and pulling were found to be associated with complaints of musculoskeletal discomfort in the low. back, shoulder, and forearm as well as pain or stiffness in the neck and shoulder (Hoozemans et aI., 1998; Jansen, Hoozemans, van der Beek, & Frings-Dresen, 2002; van der Beek et a\., 1993) Pushing and pulling tasks have also been associated with slips and falls caused by foot slips while pushing or pulling (Chaffin, Andersson, & Martin, 1999; Hoozemans et al., 1998) .
Studies have found that pushing and pulling activities can place hazardous levels of compressive force on the discs of the low back when exertions are performed between the hips and the knees. Resnick and Chaffin (1995) found the greatest compression force usually occurred when participants bent their torsos to use handles that were placed at knuckle height.
Guidelines in the literature can help the occupational health nurse assess a pushing and pulling problem and a number of best practices can be used to reduce physical loads and stresses placed on the body. Before discussing the guidelines and best practices related to pushing and pulling in the workplace, it is important to review some of the factors that can make pushing and pulling problematic.
FACTORS THAT MAKE IT APROBLEM
The amount of exertion and subsequent musculoskeletal risk faced by employees engaged in push and pull activities is related to physical factors such as friction, wheel properties, load weight, and postural considerations, such as handle height, torso position, foot position, and the distance and frequency load is moved.
Physical Factors
Friction. Friction influences an individual's ability to push and pull objects and the subsequent musculoskeletal risk in several different ways. Webster's Third New International Dictionary defines friction as a "resistance to the relative motion of one body sliding, rolling, or flowing over another with which it is in contact" (2002) . Friction is influenced by the degree of slipperiness, or co-efficient of friction, between two objects. A coefficient of friction between 0.1 or 0.2 is an extremely smooth and slick surface, like soap on a tile floor, while values of approximately 0.9 or greater represent rough and dry surfaces, such as sandpaper (Chaffin et aI., 1999) . This degree of slipperiness can greatly influence the worker's pushing and pulling posture, speed of movement, and strength across work surfaces and floors. For example, because foot traction affects a worker's ability to produce enough force to move an object, pushing an object across a slick floor will cause individuals to stand more upright, take smaller strides, and reduce their ability to generate as much force as they would on a surface with greater traction.
High coefficients of friction are needed when pushing or pulling a load. Therefore, workers need the right flooring and shoe combination to apply enough force to push or pull an object without slipping (Chaffin et a!., 1999). Generally, for employees who push and pull non-wheeled objects across a surface (e.g., conveyor, table), the lower the coefficient of friction, the easier the object will slide across the surface. For workers who push and pull across floor surfaces, a trade-off exists between having a sufficiently low coefficient of friction to push the object across the floor surface, and having adequate foot traction to push and pull without slipping.
For wheeled objects, friction is affected by the hardness of the wheels used. The harder the rolling wheel or ball and the harder the surface over which it rolls, the less friction is produced. Less friction' means less force is needed to push or pull (Al-Eisawi et al., 1999) . Wheel Factors. In addition to the hardness of the wheel, other wheel properties affect pushing and pulling tasks. Wheel size can influence push and pull forces. The larger the wheel diameter, the easier it will be to push or pull (Al-Eisawi et al., 1999) . This relates to the size of the "lever arm" (the radius) of the wheel. As the lever arm increases, the force needed to push and pull decreases. Doubling the wheel diameter will reduce the amount of force needed to push or pull by half (Al-Eisawi et al., 1999) . In addition, smaller wheels are more likely to get hung up on bumps, holes, and other floor obstructions than larger wheels (Konz & Johnson, 2004) .
Swiveling wheels can also affect the force needed to move wheeled equipment. A cart with four swiveling casters (360 0 arc) is generally discouraged because it takes more force to tum and requires a greater turning radius (Al-Eisawi et aI., 1999; Das et al., 2002) . Additionally, when all casters freely swivel in a 360 0 range, stopping the load is generally more difficult because the worker must control side-to-side movement as well as forward-backward movement.
Finally, the type and maintenance of the wheels and wheel bearing will moderately affect the amount of push and pull force. Das et al. (2002) found that cart casters with ball bearings were easier to push than casters with sleeve bearings.
Load Weight. A strong linear relationship exists between the weight of wheeled equipment and the force needed for movement (Al-Eisawi et aI., 1999) . As cart weight increases, the amount of 'push and pull force required to initiate and sustain movement will also increase. Das et al. (2002) found that initial push forces increased with smaller wheel diameters and these forces proportionally increased with cart weight. Resnick and Chaffin (1995) found that when a cart load reached 225 kg (496 Ib), the level of compression force placed on the low back became excessive, even for stronger participants.
Postural Considerations
The type of posture used when pushing or pulling can significantly affect the amount of leverage and force needed to move the object. The three most common postures used by workers engaged in pushing and pulling tasks are standing, sitting, and kneeling (Marras & Karwowski, 1999) . The ability to generate strength in any of these three postures is dependent on the geometrical configuration of other body segments such as handle height, torso position, and foot position (Marras & Karwowski, 1999) .
Handle Height. The relationship of handle height to musculoskeletal risk has received much attention. According to Marras and Karwowski (1999) , the optimal height for two-handed pushing and pulling tasks while standing is at the elbow-to-hip height and pulling at about hip-to-knee height. Chaffin et al. '(1999) reported that maximum push and pull forces were. obtained on a high traction surface with the hands at 70 em (27.5 inches) from the floor (approximately elbow height). Participants tended to lean further forward when pushing or backward when pulling, thus using their body weight to assist in applying force to move the load. It
Recommended Best Practices
• Wheeled equipment should provide afixed wheel inthe exact center bottom of the cart ortwo fixed wheels on the center edges ofthe equipment with four 360 0 swiveling casters on each corner. This prevents the cart deviating from side-to-side when it must be pushed or pulled in a specific direction and also provides an axis of rotation inthe center of the cart so it can be maneuvered and positioned intight spaces. It also reduces the force for turning and decreases the turning radius (Das et al., 2002; Jansen etat., 2002) . Carts with 360 0 swivel on all four casters should notbe purchased. • If the wheeled equipment is pushed, rear swiveling wheels are recommended. If the equipment is pulled, front swiveling wheels are recommended. Less transverse force is required to turn a cart when the wheels are closer to the handles of cart (AI-Eisawi eta/., 1999; Das etal., 2002; Jansen eta/., 2002) . • Sleeve bearings should be converted to ball bearings to reduce rolling resistance (Das etal., 2002) and periodically debris must be removed from around wheels. • The wheel orfloor surface type should be changed to harder surfaces. A soft rubber wheel moving over awooden surface can be significantly harder to push or pull than a steel or polyurethane wheel over cement or iron (AI-Eisawi etaI., 1999). • Wheel diameter should be increased. If all things are equal, a doubling in the radius of awheel can reduce by half the required push or pull force (AI-Eisawi etal., 1999) . However, higher forces may, in some cases, be required to stop wheeled equipment with higher weight (mass), large wheel diameters, and a low coefficient of rolling friction. If this is an issue, the occupational health nurse may consider some sort of hand brake system to aid in deceleration. • The load weight for carts orwheeled equipment should be reduced. Cart loads should be kept to less than 225 kg (496 Ib) to avoid high compression forces in the low back (Resnick & Chaffin, 1995) . • When sliding objects across surfaces, the occupational health nurse may consider changing to a slicker sliding surface.
For example, when moving clients from gurney to gurney, some health care providers use plastic garbage bags under draw sheets or a plastic slide board that has a low surface static coefficient of friction (Konz & Johnson, 2004 ). • When sliding objects across afloor surface, the object's path oftravel must have a low coefficient offriction. However, worker foot travel coefficient of friction should be high enough to provide the traction needed to adequately push or pull a load without slipping or falling. • When possible, workers should push loads rather than pull them. However, when there are floor obstructions, pUlling an object is better because it tends to lift the cart upward while pushing tends to move the cart downward into the obstruction (Konz & Johnson, 2004) . • Pushing and pulling on ramps over long distances should be avoided (Konz & Johnson, 2004 ). • Workers can use vertical push bars ranging from 94 cm (37 in) to 115 cm (45.3 in). This position will accommodate arange of workers from the 5th percentile woman tothe 95th percentile man byallowing them to push orpull atan optimal level fortheir respective body sizes and types (Das eta/., 2002; Jansen etaI., 2002) . Also, the push bars should be positioned ata7°bias to the handle (from vertical) away from the cart so that the orientation ofthe handle isinline with the forearm (Das etaI., 2002) . • Cart handles should be placed 47.8 cm (18.8 in)apart. This recommendation is based on the average value between 95th percentile men and 5th percentile women. Handles should also be cylindrical with adiameter ofapproximately four centimeters and made ofahard rubber orsynthetic material that will provide grip and dampen vibration (Das etal., 2002; Jansen etat, 2002) .
should be noted that when pushing and pulling with one hand at elbow or shoulder height, workers do not have the capability to lean as far forward or backward as when exerting a two-handed push or pull force with the hands at the lower level (Chaffin et al., 1999; Marras & Karwowski, 1999) . Torso Position. The literature suggests that low cart weights and carts designed to push and pull at shoulder height should be used to reduce the amount of compression and moment forces placed on the low back and shoulders (Das et al., 2002; Hoozemans et al., 2004) . Leaning forward during pushing can create higher compressive and shear forces (side-to-side forces) at the low back when workers bend their torsos forward while pushing a heavy load with a low handle height (McGill, 2002; Resnick & Chaffin, 1995; van der Beek et al., 1999) . As handle height increases, compressive force in the low back decreases (Hoozemans et aI., 2004) . Hoozemans et al. (2004) also found that pushing a cart weighing 85 kg (187.4 lb) with two hands at shoulder height resulted in 226 the lowest compressive force when compared to pushing or pulling at waist or elbow level. They also found that less compressive force was exerted on the low back when pushing compared to pulling.
Foot Position. Foot placement relative to hand placement influences stability of the body and provides the necessary leverage for pulling and pushing efforts (Marras & Karwowski, 1999) . Much stronger push and pull forces can be realized when workers' feet are stag-, gered rather than having both feet planted side by side perpendicular to the load's direction of travel (Marras & Karwowski, 1999) . This staggered stance provides maximum balance and leverage applied to maximum push or pull force.
Distance and Frequency of Exertion. The distance and frequency the load is pushed or pulled will have an effect on the loads placed on the body. The greater the distance a load is pushed or pulled and the greater the frequency of the push or pull exertion, the lighter the load must be (Salvendy, 1997; Snook & Ciriello, 1991) .
ASSESSING THE PROBLEM
Liberty Mutual Manual Materials Handling Tables, also known as "Snook Tables," can be used to place severity into context (Chengalur, Rodgers, & Bernard, 2004; Marras & Karwowski, 1999; Snook & Ciriello, 1991) . Knowledge of the physical dynamics of pushing and pulling are meaningless without putting the potential severity into perspective. The occupational health nurse may know a problem exists, but is unable to prove that a task should be modified without this information.
Snook Tables work by comparing actual task measurements for initial and sustained force to the recommended push and pull force guidelines specified by Snook. These guidelines were developed by Snook in the early 1980s, were updated in 1991, and are the most current set of guidelines for pushing and pulling tasks available (Snook & Ciriello, 1991) . By using the Tables, the occupational health nurse can find a level of effort consistent with most worker capacities and limitations. Snook used a psychophysical method to assess the acceptable loads for manual material handling tasks, such as lifting and lowering, carrying, and pushing and pulling. Psychophysics is the study of how individuals subjectively evaluate physical stresses and adjust the weight, frequency, and handling of a load to the maximum amount they can sustain without strain, discomfort, or becoming unusually tired, weakened, overheated, or out of breath (Sanders & McCormick, 1993) . The Snook values are considered acceptable guidelines for 75% of the female population and 95% of the male population (Chengalur et al., 2004; Snook & Ciriello, 1991) . Exceeding these values will likely increase the risk of some individuals sustaining musculoskeletal injuries (Snook & Ciriello, 1991) . When the actual push and pull values exceed recommended guidelines, the occupational health nurse can recommend several things (see Sidebar).
Using Snook Tables requires the use of force gauges or dynamometers to measure both the initial force required to move a load and the sustained force needed to keep a load moving. These gauges may be familiar to the occupational health nurse. They are commonly used in rehabilitation and physical therapy. The gauges can determine an object's weight, as well as measure pushing and pulling forces. Both analog and electronic force gauges are available. The analog gauges typically measure only peak forces-adequate for measuring the initial force, but difficult to accurately measure sustained force. The electronic gauges are effective at measuring both the initial force and the sustained (average) forces. Currently, the literature is silent on recommending any specific type or manufacturer of gauges. The author prefers the digital gauges because of their accuracy and ability to measure both peak initial force and sustained average forces. Many of these electronic gauges have a memory that allows users to take multiple measurements and download them for analysis at a later time.
Snook Tables measure push or pull distance, frequency, and height of the push or pull task, and the percentage of workers capable of sustaining the particular force during a typical 8-hour job. All of these MAY 2005, VOL. 53,NO.5 measurements are then calculated to determine the desired initial and sustained force parameters. The results represent the maximum initial or sustained push or pull force a person can safely exert for a specified distance, frequency, and height.
Snook Tables are published in a variety ofliterature sources (Chengalur et al., 2004; Marras & Karwowski, 1999; Snook & Ciriello, 1991) . Several Microsoft (Redmond, WA) Excel spreadsheet Snook calculators are available online and are more convenient to use. One of these calculators, available for public use at no charge, was written by Thomas Bernard, PhD, from the University of Southern Florida, and is available on the Internet at www.hsc.usf,edu/-tbernard/Hollow-Hills/PushPulC21.xls (Bernard, 2002) .
SNOOK CALCULATOR

Table Element Descriptions
The spreadsheet shown in the Figure has six puIldown menus. Each menu defines some parameter of the task being measured.
Units of Measurement. The program works by one first entering the task variables for units of measurement. Units are merely a choice between metric or standard units. In the Figure, Rate Representation. The rate representation works directly with the frequency pull-down menu and defines the frequency a task is performed. There are only two choices for rate. The rate will either be expressed as a number per unit of time (e.g., days or hours, one every...) or by the number of exertions per hours, minutes, or seconds (e.g., number per hour/day/minute).
Frequency. This variable measures the rate or number of times in a given time period the push or pull is performed. This can range from once a day, to 10 times a minute, to as fast as once every 6 seconds. Because not all jobs are performed at the same frequency as defined in the Snook Tables, the occupational health nurse must estimate either the frequency most representative of an average day, or the worst case scenario that an employee may be reasonably expected to perform. The occupational health nurse must then choose the frequency variable that most closely approximates that value.
Effort Type. This variable merely identifies if the task being measured is either a push or pull.
Vertical Zone. The vertical zone identifies at what handle height the push or pull is being performed. The choices are either shoulder height (approximately 55 inches), hip height (approximately 36 inches) or midthigh height (approximately 24 inches). The user must choose the variable that most closely approximates the task in question.
Distance of Travel. As with frequency, this variable can be difficult to quantify so values must be chosen on the basis of an average representative day or a worst-case scenario. Options in the drop-down box are 7 feet, 25 feet, 50 feet, 100 feet, 150 feet, and 200 feet.
Actual and Design Goal Tables. Below the pull-down menus are two Tables. The Table on sign goal parameters based on the task demands entered. The design goal establishes acceptable force parameters for the push or pull task to increase safety for the majority of the population. The Table on the right in the shaded areas is where the user enters the force values obtained from the force gauge. If the values for initial force and sustained force exceed the design goal, the task must be redesigned or modified so that the actual force values are less than or equal to the design goal.
Next to the shaded areas are the percentages (%) acceptable for men and women. If actual values exceed design goals, these values tell the user by how much. The design goal is to accommodate 75% of women and 95% of men. These columns indicate how severe or how far out of limits the task exertions are. In some situations it should be noted that the primary population includes workers of any size, age, or gender, such as in the health care industry where employee anthropometry or body size can range from the smallest 5th percentile woman (less than 59 in and 105 Ib) to the tallest 95th percentile man (74 in and 230 lb), the ideal goal is design for 95% of the population. This is where the percentage acceptable for men and women is useful because Snook Tables are based on 75% of the female and 95% of the male populations.
Percent Acceptable Table. The final Table at the bottom is the Percent Acceptable Table. This Table indicates the percentage of the population that would find the level of exertion for a specific task acceptable. The Table is to be read from left to right where the left column heading indicates that 10% of the population would find the push and pull forces listed in the rows below tolerable to 90% of the population that would find the push and pull forces listed in the rows below tolerable.
For example, the design goal for an employee pushing a cart at hip height approximately 100 feet two times an hour would be 42 pounds initial force and 22 pounds sustained force (see Figure) . The Snook value design goal is considered acceptable for 95% of all men and 75% of all women, supposing the actual measurements taken were 60 pounds initial and 35 pounds sustained. According to the Tables, the task's initial force would only be acceptable for 77% of men and 20% of women while the sustained force would be acceptable for 82% of men and 26% of women. Referring to the Percent Acceptable Table, the force 25% of men would find acceptable would be 92 pounds initial force and 62 pounds sustained force. Twenty-five percent of women would find 58 pounds initial force and 35 pounds sustained force acceptable. Because this task exceeds the recommended values of 42 pounds initial force and 22 pounds sustained force as outlined in the design goal, it should be modified so actual values are at or below these design levels.
DISCUSSION AND LIMITATIONS
The recommended values for maximum push and pull forces are based on certain assumptions of the workplace. Using the Snook Tables, one assumes that the participant is walking in an unrestricted posture; is exerting an equally distributed, two-handed force moving in a hor-, izontal direction; is walking on a flat, level, unobstructed surface with enough floor traction to prevent slipping; is in a comfortable ambient environmental temperature; is physically fit; and is wearing non-restrictive clothing (Marras & Karwowski, 1999) .
There are two problems with using Snook Tables for benchmarking musculoskeletal risks. First, obtaining a push or pull value representative of most workers' typical workday can be difficult because pushing and pulling tasks can vary greatly due to variable sized loads moved on different types, sizes, and ages of equipment in various 3
Using a basic understanding of pushing and pulling forces and resources such as Snook Tables, occupational health nurses can intervene and makes changes to tasks causing employee injuries.
stages of maintenance (van der Beek et al., 1999) . One solution to this problem is to take several samples of a worker's exposure that are representative of a normal day or find the worst-case example a worker may be expected to perform in a work day and adjust as needed. Secondly, Snook Tables are psychophysical and not biomechanically based (McGill, 2002) . This means that muscle discomfort as perceived by workers may not be correlated with actual tissue loads. Individuals tend to underestimate true forces and are typically not aware of when tissue loads reach damaging levels (McGill, 2002) . However, given the problems and limitations, Snook Tables are still the best method for quantifying musculoskeletal risk and severity (McGill, 2002) .
CONCLUSION
The literature does not recommend employee training on proper pushing and pulling techniques as an acceptable solution to excessively high pushing and pulling forces. When push and pull forces are excessive, engineering or administrative control is needed. Using the Liberty Mutual Manual Materials Handling Tables as guidelines for pushing and pulling can help identify when tasks may put individuals at greater risk for musculoskeletal disorders. When pushing and pulling tasks exceed recommended guidelines, applying small changes to the task (e.g., frequency, distance), or changing physical characteristics of the task (e.g., changing the wheels, floor surface, handle location, weight of the load) can reduce the risk of injury from pushing and pulling.
